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Description 

The present invention relates to dental restorative materials, and more specifically to novel dental 
restorative materials, which are polymer composites containing a high density of an ultrafine inorganic filler, 
s The term "dental restorative material" as used herein means a composite material for dental use, which is 
generally called "dental composite resin" and is used as a material for filling and restoring teeth, material 
for making inlays, artificial crowns, artificial teeth, abutment construction materials, or the like. 

Recently. In the field of dental care, compositions containing an inorganic filler and a monomer, for 
example composite resins for dental use, have come into use. It is known that trie inorganic fillers used in 
io composite resins for dental use will exert various desirable effects for dental care when the range of their 
particle sizes are properly selected. More concretely, while granular fillers having a size of not more than 20 
um have been used in the past finer fillers having a particle size of not more than 0.1 urn are more 
frequently used these days, as shown in Japanese Patent Application Laid-open Nos. 107189/1979, 
82303/1982. 101409/1984 and 148109/1986 and Japanese Patent Kohyo Nos. 500150/1982 and 
15 501090/1986. The use of such fine fillers is said to contribute to an increase of mechanical strength, an 
improvement in potishability (gloss development when polished) and abrasion resistance, and this technol- 
ogy therefore is becoming highly important in the dental field. 

The inorganic fillers used in composite resins for dental use are generally subjected to preliminary 
surface treatment. The surface treatment improves the wettability at the filler-monomer interface, Improves 
20 the dispersibility of the filler in the composition and makes it possible to increase the filler content. As a 
result, composite resin moldings obtained by polymerization of the monomer have improved mechanical 
strength owing to good adhesion at the fillcr-rcsin interface. Known in the art as surface treating agents for 
such purposes are silane coupling agents, typically 7-methacryloyloxypropyltrimethoxysilane. 

On the other hand, for the purpose of increasing adhesiveness of the organic-inorganic interface, the 
25 use of surface-treating silane coupling agents other than the above-mentioned 7-methacryloyloxypropyl- 
trirnethoxysiiane, having a longer alkylene group as a spacer between the methacryloyl group and the silyl 
group have to some extent been attempted; for example: 

(1) Japanese Patent Publication No. 20871/1S69 discloses a composition incorporating an inorganic filler 
surface-treated with a compound represented by the general formula 

30 



X a - Si[(CH 2 ) n 



0 R 

1 I 

O - C - C = CH 2 ] C 



where R is a hydrogen atom or an alkyl group, X is a hydrolyzable group, Y is a hydrocarbyl group, n is 
an integer of 7 to about 20, a is an integer of 1 to 3, b is 0. 1 or 2, c is an integer of 1 to 3. and a + b + 
c = 4. 

40 However, the above composition differs from the dental restorative material of the present invention 

in that it utilizes monofunctional monomers as the principal monomer and that it uses only a coarse 
inorganic filler having a particle size of at least 0.2 um. Furthermore, the specification has no description 
suggesting its application to the dental care field. 

(2) J. Jang, H. Ishida and E. P. Plueddeman. Proc. 41st Annual Conference. Reinforced 
45 Plastics/Composite Institute, The Society of the Plastics Industry, Session 2-C (1986) describes 11- 

methacryloyloxyundecyitrimethoxysllane. The reference discloses a polymer composite comprising a 
filler surface-treated with the above silane compound and a thermoplastic polyester resin, ft does not 
however suggest a (meth)acrylate monomer as a matrix resin. Further, the filler is surface-treated in a 
way not effective for the aforementioned silane coupling agent, being different from the way of the 
so present invention. The paper contains no description suggesting use in the dental field. 

(3) Nishiyama. The Journal of the Japanese Society for Dental Materials and Devices, 3 (2), 284 to 294 
(1884) mentions 10-methacryloyloxydecyltrimethoxysilane. However, in this paper, while a glass plate Is 
surface-treated with the compound and the state of the treated surface is compared with that treated with 
conventional Y-methacryloyloxypropyltrimethoxysilane, the surface-treating effect for fine inorganic fillers 

«6 is not studied. Furthermore, although the paper states, as a general comment, that 10-methacryloylox- 
ydecyltrimethoxysilane can be used as a surface-treating agent for fillers, it contains no concrete 
description at ail on how to use the compound as a surface-treating agent for dental composite resins or 
on the make-up of composite resins. 
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(4) Japanese Patent Application laid-open No. 159214/1988 discloses a surface-treating process of a 
particulate silica-based oxide complex, which comprises preliminarily treating the complex with an 
aliphatic amine and then treating the same with a silane coupling agent. *-methacryloyloxydecyl- 
trimethoxysilane is used as an example of such coupling agents. The technical point of this process is, 
5 since it uses a particulate complex having a high acidity, pKa of -3.0 to 3.0 on the surface sites, to treat 
the particulate complex with a silane coupling agent, after its neutralization with an amine. Accordingly, 
there is no disclosure of incorporating a large amount of a fine filler having a size of 0.1 um or less into a 
monomer or to discover a silane coupling agent suited therefor. 

The afore-mentioned fine fillers, particularly those having a size of 0.1 um or less, can be dispersed in 
io a monomer in a far smaller amount than coarser fillers since the fine fillers cause a markedly large viscosity 
increase. As a result, the advantage of incorporating an ultrafine filler having a size of 0.1 um or less, such 
as improvement in mechanical strength, abrasion resistance and polishability, has not fully been realized. 

We have therefore sought a technique of incorporating an ultrafine filler in high densities into a 
monomer, i.e. a resin matrix, and a technique for improving adhesion at the filler-matrix resin Interface 
15 which governs the durability of dental restorative materials. 

In this connection, it should be noted that European Patent Application EP-A-156105 (US-A-4849165) 
discloses a dental restorative material comprising an inorganic filler, e.g. silica dioxide, having a particle size 
of 5-150nm, the filler being coated with a silane, e.g. (meth)acryl-propyl-trimethoxy silane; and a multi- 
functional methacrylate monomer, e.g. 1 ,6-hexanediol-dimethacrylate; and wherein the surface-treated filler 
20 is present in an amount of about 400 parts by weight based on 100 parts of the methacrylate monomer. 

The present invention as hereinafter described in detail provides a dental restorative material compris- 
ing an ultrafine filler having a size of 0.1 um or less incorporated thereinto in a high density, which has high 
strength and good aesthetic appearance, and a dental restorative material with excellent durability, which 
can maintain high strength for a long period of time under wet conditions in the oral cavity where the 
25 material suffers repeated ociusal pressure. 

According to one aspect, the invention is directed to the combined use of (a) an ultrafine inorganic filler 
with a size of 0.1 um or less surface-treated with a silane coupling agent comprising a (meth)acryloyl group 
and a linear alkyiene group having at least 8 carbon atoms and (b) a hydrophobic multifunctional (meth> 
acrylate; wherein the term "(meth)acryloyr herein means either methacryioyf or acryloyl, and the term 
30 (meth)acryfate" means either methacrylate or acrylate. 

According to a more specific aspect, the present invention provides dental restorative materials 
comprising: 

(a) an ultrafine inorganic filler with a size of 0.1 um or less which is insoluble in water and surface-treated 
with a silane coupling agent represented by the following formula (I) in an amount of at least 3% by 

3b weight based on the weight of the filler: 

R' (R a ),.. 
I I 
H,C= C- C- x«CH,»vSi- R'. (I) 

0 

where R' is a hydrogen atom or a methyl grcup. R 2 is a hydrolyzable group. R 3 is a hydrocarbon group 
45 having 1 to 6 carbon atoms. X is an oxygen or sulfur atom, m is 2 or 3 and n is an integer of 8 to 20; 
and 

(b) a (meth)acrylate monomer composition containing at least 50% by weight based on the weight of the 
composition of at least one hydrophobic multifunctional (meth)acrylate represented by the following 
formula (II): 

50 



55 




where R* is an organic group having 7 to 40 carbon atoms, being composed of I to 8 hydrocarbon 
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groups having 2 to 40 carbon atoms, at least one of saJd hydrocarbon groups being a hydrocarbon group 
having at least 4 carbon atoms, the ratio of the number of total carbon atoms, x. contained In said 
hydrocarbon groups to the number of the hydrocarbon groups, y, contained in said organic group 
satisfying the relationship: x/y > 3; R 5 is a hydrogen atom or a methyl group and p is an integer of 2 to 
8; where said surface-treated inorganic filler is incorporated in an amount of at least 100 parts by weight 
based on 100 parts by weight of the monomer composition. 
Preferred embodiments of the invention will now be described. 

A characteristic feature of the present invention resides in the use of an ultrafine Inorganic filler having a 
particle size of 0.1 urn or less surface-treated with a silane coupling agent represented by formula (I) in 
combination with a hydrophobic multi-functional (meth)acryla(e represented by formula (II). The term 
"particle size" herein means an arithmetic mean of the major axis and the minor axis of the particles. 

In the hydrophobic multifunctional (meth)acrylate. interactions among the particles of the ultrafine 
inorganic filler, which particles have been made highly hydrophobic by surface treatment with the silane 
coupling agent of formula (I), are substantially weakened so that the thickening (viscosity Increasing) effect 
of the particles decreases and the filler can be incorporated in high ratios. Moreover, since the (meth)- 
acrylate is multifunction al, a highly crosslinked three-dimensional network structure develops between the 
filler and the resin matrix, thereby exhibiting high strength. 

In the siiane coupling agent (I), examples of R 2 include a chlorine atom, alkoxy group, isocyanate group, 
acyloxy group and Iminoxy group, among which particularly preferred are a chlorine atom, alkoxy group and 
isocyanate group because of their high activity. Examples of the silane coupling agent (I) are as shown 
below. 

CKs 

H2C=C-C0O(-CH2i 8 S i 40CK3 ) , 
CH3 

EaOC-COOfrCH^S i 40CH3 ) 3 
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10 



15 



20 



25 



30 



40 



CHa 

SjCsC-COOKHi^SiW^ca^CHj], 

CHa CH: CHa 

I I I 

C-Ia CEj 
HafccLcOO^CH^Si 4CCR3) 2 

H 2 C=C-CO(HCH2 ^ Si i OfCHa^CHa ] 2 

CHa 

[ 

H2C=C-C004CH2rnSi £NCO) 3 



! ,0Ci3 
EzC^-COOfCH^SifcCHaCHa 

K 

H2 C=C-COS f CHj^S i f OOi J ) , 



I 

KjC^C-COOfCfc^Si ^OOCC-ij ; 3 
Cii 

E2C=C-C0Of CHj^Si * OCH: ?, 
CHj 

■* v CH.>C?iV. 

CHj 

EjOrC-COCHCEi-^jSi -£v 3 



CHj 

_ I 

H2C=C-CDO^CH^jjSi -fCCH: ) , 



CHj 

so I 



HjC=C-CO(HCH:^,Si ^OCH: ; , 



The inorganic filler with a particle sue of 0.1 urn or less must be insoluble in water. The term "insoluble 
ss in water" as used herein is defined to be a saturation solubility in water at room temperature of not more 
than 0.1 wt%. Since the filler should chemically bind the silane coupling agent (I), the filler should have as 
many hydroxyl groups as possible on the surface thereoJ. 
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When a crown is restored, it is preferred that the filler used develop the appearance of a natural tooth, 
and be hence colorless transparent by itself and have a reflective index similar to that of the (meth)acrylate 
monomer described below. 

Examples of the filter include silica-based minerals, such as kaolin, clay and mica; and silica-based 
5 ceramics or glasses containing oxides such as AfeOa. B?Oj, TiOs, ZrOa, BaO, LazOa, Sr02, CaO and P2O5, 
in particular lanthanum glasses such as Shotl GM31 684© , barium glasses such as Short GM27 884®, Shott 
8253®, Ray-Sorb T-20Q0® and Ray- Sorb T-30003, Strontium glasses such as Shott GM32-087S and Ray- 
Sorb T-4C00®. bioglasses and the like. Also used preferably are hydroxyapatite, alumina, titanium oxide, 
zirconia, aluminum hydroxide and the like. 
70 In the present invention, the above-mentioned fillers preferably have an acidity at the surface site, pKa, 
of at least 3.3. Fillers with a pKa of less than 3.3 will accelerate discoloring of dental restorative materials 
containing them, which is not preferred. The acidity is measured according to the method described in K. 
Tanabe, T. Takeshita: Acid-Base Catalysis, p. 161 (1966), issued by Sangyo Tosho, Tokyo. 

The Inorganic tillers may have any form or shape without any limitation. Various forms, such as 
;s spherical, crushed, needle-like, whisker and platelet forms, may be used depending on the intended use of 
the composition. 

The inorganic fillers can be surface-treated with silane coupling agents by known processes for surface- 
treating with silane coupling agents: e.g. a process which comprises adding a coupling agent (I) by spraying 
on to an Inorganic filler which is being agitated with a blender; one which comprises dispersing an inorganic 

20 filler and a coupling agent (I) in an appropriate solvent and then distilling off the solvent; and one which 
comprises hydrolyzing in an aqueous solution a hydrolyzable group R 2 ol a coupling agent (I) with an acid 
catalyst into a silanol group, then permitting the thus hydrolyzcd agent to react with an inorganic filler in 
aqueous solution, and removing water. In any process, the reaction of the coupling agent with the filler is 
completed by heating at 50 to 150 *C. 

26 Among the above-mentioned processes, preferred in the present invention is a process which com- 
prises dispersing a silane coupling agent (I) and an inorganic filler in a hydrocarbon solvent and then 
heating the dispersion at a temperature of from 60 to 150'C to effect the reaction of the surface of the 
inorganic filler with the silane coupling agent (I). Examples of the hydrocarbon solvent used in this process 
are hexane, heptane, decane, benzene, toluene, ethylbenzene, xylene, mesitylene, diethylbenzene, 

30 cyclohexane, chloroform, dichloroethane, trichloroethane, carbon tetrachloride and the like. The reaction 
proceeds more rapidly when the solvent has a boiling point of 150'C or below and the dispersion is heated 
up to its boiling point. Further, since the reaction of the inorganic filler surface with a silane coupling agent 
is a condensation reaction such as a dehydration, dehydrohalogenatlon (dehydrochlorination) or removal of 
HOR, the surface treatment can be more effectively conducted by distilling off the reaction by-products, e.g. 

us water, alcohol or hydrogen chloride with the solvent from the reaction system. After the dispersion has been 
heated lor a sufficient time to complete the reaction, the filler is recovered from the solvent by nitration, 
distilling off of the solvent under a reduced pressure, centrifugal separation, ryophiiization or the like, and 
then dried to complete the entire process. 

The amount of the silane coupling agent (I) used for the inorganic filler is determined such that the 

40 desired properties of the dental restorative material obtained will be highest, based on preliminary 
experiments. The amount should be at least 3% by weight based on the weight of the inorganic filler to be 
treated. If the amount is less than this, the filling density of the filler will decrease and hence the mechanical 
strength of the restorative material obtained will decrease, which are not preferred. 

The monomer (b) used in the present invention is preferably selected depending on the intended use of 

46 the dental restorative material prepared. It should copolymerize with the silane coupling agent (I) used for 
surface treatment, particularly the multifunctional (meth)acrylate3 of formula (II). The term "multifunctional" 
as used herein means that the monomer has 2 to 8 (meth)acryloyloxy groups in the molecule. Further the 
term "hydrocarbon group" includes groups substituted with halogen atoms for hydrogen atoms, and the 
term "organic group" means a hydrocarbon group or a group constituted by linking at least two 

so hydrocarbon groups with at least one single bond unit or a composite bond unit comprising such single 
bond units, the single bond unit being selected from the following groups: 



55 
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-0-, -C-, -S-, 

II 

0 



? i i 

-S-, -NH-, -N- and -P- 

I I 

O 0 



There are several restrictions on Ihe molecular structure of the multifunctional (meth)acrylate used in 
io the invention for the purpose of achieving high-density filling. That is, R 4 in formula (II) should be a 
hydrophobic, comparatively large organic group having 7 to 40 carbon atoms. The organic group may either 
be a single hydrocarbon group or assume a composite structure comprising a plurality of hydrocarbon 
groups having 2 to 08 carbon atoms linked with each other through the above-mentioned bond units. In the 
latter case, at least one of the hydrocarbon groups should be a hydrophobic group having at least 4 carbon 
/5 atoms. It is necessary that the number of the aforementioned bond units do not exceed an upper limit 
relative to the number of total carbon atoms since these bond units themselves function to decrease the 
hydro-phobicity of the organic group and hence prevent a high-density filling of the filler. Thus, the ratio of 
the number of total carbon atoms in R*(x) to the number of the hydrocarbon groups in R*(y) should satisfy 
the relationship: x/y > 3. If x/y £ 3, the thickening effect will be large, thereby rendering the high-density 
20 filling of the filler difficult to achieve. Furthermore. R 4 should not contain a highly polar functional group 
such as a hydroxy I group, carboxyl group, amino group, 
phosphoric acid group (this means 



00 

25 I 0 

-O-P-OH or -O-P-OH 

I I 
OH OR 

30 

wherein R is an organic group) or thiol group since such polar groups significantly decrease the 
hydrophobicity of the organic group R*. 

Examples of the multifunctional (meth)acrylate represented by formula (II) are as follows. 



I I 
H2 C=C-COO -e CE^OOC -C=CH2 

40 



45 



so 
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where n is an Integer of 7 to 20 and R 1 is a methyl group or a hydrogen atom, 

H2C = C - C00 ^CH 2 ^O^ch 2 -OOC-C=CE 2 
Cfia f 12 



C004CH 2 CH 2 OJ^^cH 2 CH 2 ^C-(!-ca 
CH3 
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wherein k and t are Integers satisfying k+ t = 2 to 1 1, 



CHj CH3 CHj 

E2C=C-C00-©^-^V-00C-C=CH2 
CHj 

CH3 CHj CH3 

I I I 

E2C=C-COOfCE2^ r OOCNHCH3C CH2CHCH2 CH21NECOO- 

I 

CH3 



CH3 

-eCH2-^OOC-C=CH2 

CHj CH3 

K2C=C-CCOCH2CHCi200cJ^=CH2 
I _ 
OOC-@ 

. CHj 0 CHj 

H2C=C-COOH§>i-@-OCC-C=CH: 
8 

0 

<p 3 CHj CHj . 

CHjC^C-COOCHs^CHOOCNHCHjCCHcCHCHiCHjNHCOCGI- 

I 

CHj 

CHj 

-rCH200C-C=CH2j, 
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CHj 

BG*C-C0OCH2 N ^ Ciij 



^ CHj 



CHj 



/CHa00C-C=CH2 
-CH 

x CH2COC-C=CH2 

p CHj CHj 

H2C^^OOCH 2 CHC&0-<^^HDCH2CECH200C-C^ 
H2C=C-C0O CHj COC-C=CHz 

H H 

CHj 

E2C=C-COO-rCH2-HDOC-<Oi f 1 ' 

COOf-C-i2^00C-C=CH2 

CHj CHj 

EjC=C-COOCECH20OC-C=CH2 
I 

CH20f-CH2^CHj 
CHj CHj 

H2C=C-COOCEH200C-C=CH2 

I _ 

CH.'O-^-O^ca^jCHj 

CHj 

H2C^^0Of(^2C^0CKH2^cofOCE2CHj 

CHj 
-00C-O=CHj 
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wherein: 2 S k + X S 10, 

CH* CEz 
H2C=C-COO^CH2^0-fCH 2 9 r OfCH^OOC-C=Ci; 

® 3 CH 3 
E2C=C-C0O4CH2^00Ci^K3i2^NHC0OfCH2^^-^LcE2 

CH3 f 3 
E2C=C-COO-CE2CHCH20-@ 



r- CH.2 

H2C=C-C00fCH 2 ^ol P=0 

J 3 



25 



?0 



For the aforementioned reasons, I.e. the high-density filling of the filler and crosslinked structure of the 
resin matrix, the multifunctional (meth)acrylate monomer Is incorporated into a monomer composition in an 
amount of at least 50% by weight, preferably at least 65% by weight of the monomer composition. 

While in the present invention a multifunctional (meth)acrylate which is not represented by formula (II) 
3b can aJso be used, its incorporation ratio musl be in a range not exceeding 50% by weight based on the 
weight of total monomer composition (b), and preferably in a range not exceeding 35% by weight on the 
same basis. Examples of such multifunctional (meth)acrylate are as follows. 

« B: Ri 

H2 C=C -COO KH 2 % OOCC=CH a 



50 
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where n Is an Integer of 2 lo 6 and R 1 Is a methyl group or a hydrogen atom. 



CEa CHj CEs 

i r i 

H 2 C=C-CCOCH2CHCH200C-C=CH2 
I 

CH3 

CH3 

I 

(H2C=C-COOCH 2 ^- CCH2CH3 



H:C=C-CCOfCH2CH20^0C-C=CH2 



where n is an integer, of 1 to 20 and R' is a methyl group or a hydrogen atom. 



R 1 

CH3 



H2C=C-C00fCH2CH3 O^DC-OCHi 
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wherein n is an integer of 1 to 1 3 and R' is a methyl group or a hydrogen atom, 

I _ CH3 

H2C=C-COO-(0^ | 



CHa CH3 
H:C=C-C0Q-CH2CE2OOCeCH2^C00CH2CH2OOC-C=CH: 

CH3 CHa 
I I 
E2C=C-COOCH2CHCH200C-C=CH2 
I 

OH 

CE3 CH3 C-I. 

H2C=C-C0OC2:CHCH2 0-<C)-C-(O)-0CE2GICE20CC-C=- 
I I i 

OH CHa OH 

H 

CK2OC-COO-CH2 ^-CH-CIjOH 



CH3 CH3 

Ks C=C -CCCCE: C-iCH: CCS: CHiOCH: CECHsOOC -C=CH2 
( I 
OH OH 
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10 



26 



30 



3S 



40 



50 



CHj 

CHj I 

| _^NHC0Cai2CH20CC-C=CH: 

H2OC-C00CH2CH200CNE-@ 

^ r<HCG0CH2 CH2OCC-OCH2 

I 

CHj 

CHj CHj CHj 

H2C=C-COCCEjCK320CH:CCE20CH2CHCH20CC-C=CH2 

I I I 

OH CHj OH 

CHj 0 

I 1 
(E2C=C-CCCCHjCHz-0-£P-0H 



CHj 0 

I 1 1 

HjG=C-CCO£ CHj-Jt. 0 -I- P-OH 



'10 



CHj 

( E2OC-COOCH2CH2— 0-^P=0 



CHj CHj CE: 

H2OC-COOCH2 C-EH20-<q>-C-@-OCH2CHCH200C-i=C:-^ 
4 CHj 4 

o=?-a 0=1 -a 

I I 
a a 



— CHj' 0 0 CHj 

(E2C=C-CO(XE2^0^P^-PeCCE:CH200C-C=CH2) 2 

CHj 

I I /COOH 

H2C=C-C00fCH:^C N 

j COCH 



As the (meth)acrylate monomer used in the present invention, multifunctional (meth)acylates are 
66 preferred for the purpose of the providing the obtained dental restorative material with high mechanical 
strength, and monofunctional (meth)acrylates are generally not preferred. However, in some cases monofun- 
ctional (meth)acrylates may also be Incorporated depending on the use and object of the restorative 
material to be prepared, and then, it Is preferred that such monofunctional (meth)acrylate be Incorporated In 
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an amount not exceeding 35% by weight based on the weight of total (meth)acrylates. Such a mixture of 
(meth)acrylates is referred to as the "monomer composition'' in this invention. Examples of the mono-func- 
tional (meth)acryiate are as follows. 

methyl (meth)acrylate, 
5 stearyl (meth)acrylate, 

phenyl (melh)acrylate, 

2-hydroxyetbyi (meth)acrylate, 

dimethylaminoethyl (meth)acrylate, 

7 -methacryloyloxypropyltrimethuxysilane, 
io 10-methacryloyloxydecyi dihydrogen phosphate and 

4-[2-methacryloyloxyethyloxycarbonyi]phthalic acid. 

The mixing ratio of the inorganic filler (a) having a particle size of 0.1 um or less surface-treated with a 
silane coupling agent (I) with the monomer composition (b) vanes depending on the use of the obtained 
dental restorative material, but it should be at least 100 parts by weight, more preferably at least 150 parts 
is by weight of the filler (a) based on 100 parts by weight of the monomer composition (b). 

The surface-treated inorganic filler having a particle size of 0.1 um or less may also be used for a 
prepolymerized microfiHer which is prepared by kneading the inorganic filler (a) with the monomer 
composition (b), curing the mixture and crushing the cured product. 

The restorative material of the present invention comprising the inorganic filler (a) having a particle size 
20 of 0.1 um or less, and the monomer composition (b) may further incorporate a relatively coarse inorganic 
filler (c) having a particle size exceeding 0.1 um and less than 100 um. The incorporation of such coarser 
inorganic tiller will further increase the hardness and Young's modulus of the polymerized product, which 
are close to those of enamel. 

As the coarser inorganic filler, the same materials as the aforementioned inorganic fillers having a 
25 particle size of 0.1 um or less can be used, and preferably used are glasses and/or minerals containing 
silica as a principal component. It is preferred that such coarser fillers be also surface-treated with a silane 
coupling agent represented by formula (I), 7-methacryloyloxypropyltrtmethoxysi!ane, or the like. The filler (c) 
is incorporated in an amount of up to 10 times the total weight of the inorganic filler (a) and the monomer 
composition (b). 

30 The restorative material of the present invention may further incorporate a prepolymerized microfiller 
(d). The term "prepolymerized microfiller" in the present invention refers to a filler of a composite structure 
comprising an inorganic ultrafine filler having a particle size of 0.5 um or less and an organic polymer 
phase filled with said inorganic ultrafine filler. The inorganic fillers which can be used are the same 
materials as used for the inorganic filler (a) having a particle size of 0.1 um or less used in the present 

3b invention. Suitable for the organic polymer phase are crosslinked polymers formed by polymerization of 
multi functional (melh)acrylales. The inorganic filler is, generally after being surface-treated with any surface 
treating agent, which may be a coupling agent represented by formula (I), incorporated in a high density of 
at least 100 parts by weight to 100 parts by weight of an organic polymer. Prepolymerized microfiilers (d) 
having a particle size of 1 to 100 um may be used in the present invention, and they are incorporated in an 

40 amount up to 10 times the total weight of the inorganic filler (a) and the monomer composition (b). 

The restorative material of the present invention can be cured by polymerization into shaped articles by 
application of energy from outside such as heating at 100 *C or higher or irradiation with an electron beam 
without any initiator but, it is preferable to polymerize the restorative material with an initiator contained 
therein. 

45 There are no particular limitations to the polymerization initiators used in the present invention and any 
known initiators may be used, but the preferable initiator is selected by considering the polymer izability of 
the monomer and the polymerization conditions. For example, when a (meth)acrylate is heated to undergo 
polymerization, preferred initiators are organic peroxides such as benzoyl peroxide (hereinafter referred to 
as BPO). di-t-butyl peroxide and cumcne hydroperoxide, and other compounds such as 2,2- 

so azobisisobutyronitrile and 1,1'-azobis(cyclohexane-1-carbonitrile). 

On the other hand where room temperature polymerization is conducted, preferably used are such 
redox initiators as benzoyl peroxide/dimethyl aniline, cumene hydroperoxide/dimethyl aniline, cumene 
hydroperoxide/thiourea, ascorbic acid/Cu 2 * salt, organic sulfinic acid (or salts thereof)/amine/peroxide; 
tri butyl borane, organic sulfinic acids and the like. 

55 Further where photopolymerization is conducted by irradiation with visible light, such redox systems as 
a-diketone/tertiary amine, a-diketone/aidehyde and a-diketone/mercaptan may be used. Examples of the a- 
dlketone are cam phorqui none, diacetyl. 2.3-pentanedione, benzyl, acenaphthenequinone, phenanthracene 
and the like. Examples of the tertiary amine are N.N-dimethylaminoethyl methacrylate, ethyl N.N- 
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dimethylaminobenzoate : Mfchler's ketone, and the like. Examples of suitable aldehydes are citroneraJ, 
laurylaldhehyde, o-phthaldialdehyde, p-octyloxybenzaldehyde, and the like, and examples of the mercaptan 
are 1-decanethiol, thiosalicylic acid. 2-mercaptobenzoxazol, 4-mercaptoacetophenone, and the like. Also 
used preferably are a-diketone/organic peroxide/reducing agent systems comprising the above-mentioned 
s redox systems with an organic peroxide added thereto. 

Where photopolymerization is conducted by irradiation with ultraviolet light, preferred initiators are, in 
addition to the above-mentioned initiators for photopolymerization using visible light, 2, 4,8-trimethy (benzoyl- 
dlphenylphosphtne oxide, benzoin methyl ether, 2,2-dlmethoxy-2-phenylacetophenone, benzophenone, 2- 
methylthioxanthone, diacetyl. benzaldehyde, azubisisobutyronilrile. tetramethylthiurumdisuffide and Ihe like. 
w These initiators are added to the restorative material in an amount of 0.01 to 10% by weight based on 
the weight of the monomer (b) used. 

The dental restorative material of the present invention may. if necessary, further incorporate additives 
such as polymerization inhibitors, ultraviolet absorbers, fluorescent agents and pigments. 

The dentaJ restorative material of the present Invention may be formulated in various forms depending 
75 on the intended use. The followings are typical examples of them. 

(i) One-package paste or liquid form 

The filler, monomer, and initiator are mixed into a paste or liquid. The initiator Is a photopolymerization 
20 initiator and/or an initiator for medium or high temperature polymerization. 

(ii) Two-package paste or liquid form 

The oxidizing agent and reducing agent of a redox initiator system capable of catalyzing room 
25 temperature polymerization are each separately admixed with either the filler or monomer to give two paste 
or liquid packages. 

(iii) Powder-liquid form 

30 This form is composed of a powder which is a mixture of the above-mentioned reducing agent {or 

oxidizing agent) and a filler powder, and a solution (liquid) of the above-mentioned oxidizing agent (or 
reducing agent) in the monomer. 

(iv) Shaped article 

This is prepared by forming Ihe composition of (i) through (iii) into a shaped article, followed by curing 
by polymerization. A typical example is an artificial tooth. 

The restorative materials of the present Invention In the forms of (I) through (HI) are offered to dentists or 
dental technicians, the users form the materials into various shaped articles, and cure them by polymeriza- 
40 tion, so that they function as dental materials. 

In the dental restorative material of the present invention comprising (a) an inorganic filler having a 
particle size of 0.1 urn or less surface-treated with a silane coupling agent (1) and (b) a hydrophobic 
multifunctional (meth)acrylate, the ultrafine filter having a particle size of 0.1 urn or less can be filled in resin 
matrices in a much larger amount than conventional restorative materials. As a result, the high-density filling 
45 of the ultrafine filler realizes various desirable effects including improvements in mechanical strength, 
abrasion resistance, hardness and pollshablllty. 

The restorative material of the present invention has an excellent durability, so that it can maintain the 
high strength over a long period of time under wet conditions. 

Furthermore, unexpectedly, the handling of the porymerizablc composition in its paste form has greatly 
so been improved. Thus, pastes comprising the restorative material of the present invention have found to be 
neither sticky nor thready, and improved in shape retention (i.e. a crown formed of the paste will maintain its 
shape for a long time). 

In the restorative material of the present invention, problems encountered with conventional materials, 
such as shrinking at polymerization, thermal expansion, discoloring and water absorption of cured articles 
56 are reduced. 

As described above, the dental restorative material of the present invention has various desirable 
properties which prior art materials have never achieved, and is hence used satisfactorily as composite 
resins for foreteeth and molars (e.g. restorative tilting materials, prosthesis materials such as Inlays and 
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crowns, artificial teeth, etc.) and as abutment construction materials. 

Other features of the invention will become apparent in the course of the following descriptions of 
exemplary embodiments which are given for illustration of the invention. The definitions and measurement 
methods of various characteristics described in the Examples are collectively shown at the end of this 
s specification. 

EXAMPLES 

Synthesis Example 1 

to 

(Synthesis of fl-methacryloyloxyoctyltrimethoxysilane) 

A reaction vessel fitted with a stirrer was charged with 50 g of 7-octenyl methacrylate, 250 mg of 
hydroquinone monomethyl ether and 1.5 cc of 1% chloroplatinic acid hexahydrate solution in 

rs tetrahydrofuran, and the mixture was heated to 40 *C. To the mixture was added gradually 42 g of 
trichlorosiiane with stirring, while the temperature of the mixture was kept at 45 'C or below. After the 
addition, the mixture was heated to 60 'C and reaction was conducted at this temperature for 1 hour to 
obtain 8-methacryloyloxyoctyltrichlorosilane. 

Next 500 cc cf methanol and 100 g of triethylamine were charged to a reaction vessel fitted with a 

20 stirrer and the mixture was cooled down to 0*C. The 8-methacryloyloxyoctyltrichlorosilane synthesized as 
above was placed in a dropping funnel, which was then connected to the reaction vessel. While the solution 
in the vessel was vigorously stirred under an atmosphere ol dry N2 gas, the 8-methacryloyloxyoctyltrich- 
lorosilane was gradually added dropwise. After completion of the dropwise addition, the temperature was 
kept at O'C for 24 hours and then elevated to room temperature. The solvent of the reaction mixture was 

25 distilled off under vacuum, and a large volume of ethyl ether was added to the residue. After insoluble 
trimethylamine hydrochloride salt had been removed by filtration, ethyl ether was distilled off to obtain 78 g 
of crude 8»methacryloyloxyoctyltrimethoxysilane. Gas chromatography analysis revealed that the purity of 
the 8-methacryloyloxyoctyltrimethoxysilane was 87.5%. To the crude compound 1.0 g of anhydrous ferric 
trichloride was added and the mixture was subjected to fractional distillation. Collection ol fractions at 143 to 

30 144'C (0.1 mmHg) yielded 52 g of 8-methacryloloxyoctyltrimethoxysilane with a purity of 97.0%. 

A 10% solution of the compound in CDCI3 was subjected to 1 H-NMR spectroscopy to give the following 
results. 

a = 6.1 and 5.5: ethylenlc proton signals of methacryloyl group 
3 = 4.5: proton signal of methoxy group 
3b 8 = 1.9: methyl proton signal of methacryloyl group 

= 4.2 to 4.0: signals of methylene protons adjacent to oxygen atom 

- 0.8 to 0.4: signal of methylene proton adjacent to silicon atom 
5 = 1.9 to 1 .0: signals of other methylene protons 

The integrated intensities of the above signals were found to be identical with the calculated values of 
40 8-methacryloyloxyoctyltrimethoxysilane. In the infrared absorption spectrum of the compound, the absorp- 
tion at around 3020 cm"' originating from the stretching vibration of the terminal vinyl group of 7- 
octenylmethacrylate had disappeared, and, instead, the absorption originating Irom the deformation vibration 
of Si-C and that originating from skeletal vibration of Si-O-C were observed at around 1180 cm -1 and 1090 
cm" 1 respectively. Accordingly, the obtained compound was identified as 8-methacryloyloxyoctyltrimethox- 
45 ysilane. 

Synthesis Example 2 

(Synthesis of 11-mcthocryloyloxyundecyltrimcthoxysilanc) 

so 

Following the same procedure as in Synthesis Example 1, 86 g of a crude product of 11- 
methacryloyloxyundecyltrimethoxysllane was obtained from 60 g of 11-undecenyl methacrylate. 

A solution was prepared by dissolving 50 g of the obtained crude 11-methacryloyloxyundecyrtrimethox- 
ysilane in 500 ml of methanol, and the solution was cooled with dry ice-ethyl ether to give li- 
es methacryloyloxyundecyltrimethoxysilaneas a precipitate. Recrystallization by the above procedure was 
repeated to obtain 27 g of 11-methacryloyloxyundecyltrimethoxysilane with a purity of 97.5%. 

A 10% solution of the compound in CDCb was subjected to 'H-NMR spectroscopy to give the following 
results. 
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6 - 6.1 and 5.5: ethylenic proton signals of methacryloyl group 

6 = 4.5: proton signal of methoxy group 

5 = 1 .9: methyl proton signal of methacryloyl group 

a = 42 to 4.0: signals of methylene protons adjacent to oxygen atom 

5 = 0.8 to 0.4: signals of methylene protons adjacent to silicon atom 

a = 1.9 to 1.0: signals of other methylene protons 

The integrated intensities of the above signals were found to be identical with the calculated values of 
ll-methaayloyloxyundecyrtrimethoxysilane. In the Infrared spectrum of the compound, the absorption at 
around 3020 cm" 1 originating from the stretching vibration of the terminal vinyl group of 10-undecenyl 
methacrylate had disappeared, and. instead, the absorption originating from the deformation vibration of Si- 
C and that originating from skeletal vibration of Si-O-C were observed at around 1180 cm" 1 and 1090 cm -1 
respectively. Accordingly, the obtained compound was identified as 11-methacryloyloxyundecyltrimethox- 
ysilane. 

Synthesis Example 3 

(Synthesis of 2G-methacryloyloxyeicosyftrimethoxysrlane) 

Following the same procedure as In Synthesis Example 1, 108 g of a crude 20-methacryloyloxyelcosyl- 
trimethoxysilane was obtained from 93 g of 19-eicosenyl methacrylate. The crude compound obtained was 
purified in the same manner as in Synthesis Example 2, and 50 g of the crude compound gave 23 g of 20- 
mcthacryloyloxycicosyltrimcthoxysilans with a purity of 96%. 

'H-NMR and IR spectrum of the product obtained showed that it was 20-methacryloyloxyeicosyl- 
trimethoxysilane. 

Example 1 

A flask was charged with 50 g of silica powder having an average particle si2e of 0.04 urn (OX-50S, 
available from Nippon Aerosil Co.), 7.5 g of the 8-methacryloyloxyoctyltrimethoxysilane obtained in Synthe- 
sis Example 1 and 500 ml of toluene, and the mixture was refluxed for 2 hours under heating with vigorous 
stirring and then allowed to cool. Toluene was first distilled off under vacuum, and the residual mixture was 
dried under vacuum for 12 hours and then heated at 90* C for 2 hours under vacuum to fully distill off 
toluene, to give a surface-treated filler. 

A monomer composition was prepared by mixing together 35 parts by weight of 1, 1 0-decanediol 
dimethacrylate, 65 parts by weight of an addition product of 1 mole of 2.2,4-trimethylhex- 
amethylenediisocyanate and 2 moles of glycerine dimethacrylate (hereinafter referred lo as "U-4TH") and 1 
part by weight of benzoyl peroxide. A pasty polymerizable composition was prepared by kneading 100 
parts of the monomer composition prepared above and 150 parts of the surface-treated filler obtained 
above, followed by deaeration under vacuum. 

The paste consistency (load: 40 g) of the composition is shown in Table 1 . 

Examples 2 through 8 and Comparative Example 1 

The procedure of Example 1 was followed using OX-50® surface-treated with the silane coupling agents 
shown in Table 1 instead of 8-methacryloyloxyoctyftrimethoxysilane used in Example 1, and compositions 
similar to that of Example 1 were obtained. Their paste consistencies are shown In Table 1 . 
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Table 1 



5 








Paste 




No. 




Silane coupling agent 


consis- 


to 








tency 

(mm) 


15 


Example 


1 


CH, 
| 

H, C = C- COC«CE, HSi-fCCH, ) , 


20.3 


20 


i 2 


CH, 
| 

H, C - C - COCHCH, *-nr Si-WCH 3 ) , 


23.4 


i 


3 


CH, CH, 
I I 
H a C = C- COCHCH,h-rSiCl, 


24.0 


25 


i 


4 


CH, 

I • 

H,C=* C- COCHCH, h-rSiCl 3 


23.7 


30 


i 


5 


CH, * 
K,C = C- COO-tCH,hTSi-KHCH.hCH,] t 


24.5 


3b 


i 


6 


CH, 

I 

H,C~ C- C00KH,h-TSi4HCO) , 


23.8 


t 


7 


H 
I 

H,C« C- COS^CH,h-rSi-fOCH,) , 


23.0 


40 


t 


8 


CH, 

I 

H,C= C- COO+CH,HrSi(OCH,), 


26.2 


45 


Comparative 
Example 1 


CH, 
I 

H,C = C- COO-(CH,HSi-fCCH s ) , 


13.8 



so Comparative Example 2 

The procedure of Example 1 was followed using 1 g of the same silane coupling agent as In Example 1 
instead of 7.5 g of the agent to obtain a surface-treated filler. All of the filler could not be incorporated into 
the monomer because of increase in viscosity. 

65 
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Examples 9 through 17 and Comparative Examples 3 through 8 



Compositions were prepared by kneading 150 parts by weight of the same surface-treated inorganic 
filler as used in Example 2 and 100 parts of monomers shown in Table 2. The compositions obtained were 
evaluated for paste consistency (load: 40 g). The results are shown in Table 2, wherein and also in 
succeeding descriptions the monomers are coded as below. 

MMA: methyl methacrylate 

DD; 1,10-decanedlol dlmeth aery late 

ME-HD: 1 ,6-bis(2-fnethacryloyloxyethuxy)hexane 

CEz CH3 
H2C=C-C0OfCH2^O-fCH2^<HCE2-^jOOC-C=CH2 

DTMA: ditetramethylene glycol dimethacrylate 

CHj CH3 
I | 
H2C=C-COO-eCH2^0-KH^OOC-0=CH2 

QDM-P: benzoic acid ester of glycerine dimethacrylate 

CH3 

( &C=C-C00-Oi: ^CHOOC-OHs 

GDM: glycerine dimelhacrylate 

DHMPE: I t 2-bis(2-hydroxy-3-methacryloyloxypropoxy)ethane 

H2C=C^0OCH2CHCH2OCH2CH2OCH2CaCH2O0C-C=CEi2 
OH OH 

PETA: pentaerythritol triacrylate 

NPG-HMP: 1,3-bis(2-hydroxy-3-methacryloyloxypropoxy)-2,2-dimethylpropane 

CH3 CH3 CH: 

HzCsC^OOCHaCiC&OCEsC^ 

I I I 

OH CHa OE 

D-2.6E: bis(methacryloyloxypolyethoxyphenyl)propane (containing 2.6 ethoxy groups in a molecule on 
an average) 

Bls-GMA: 2,2-bls[4-(3-methacryloyloxy-2-hydroxypropoxy)-phenyl]propane 

U-4TH: addition product of I mole of 2,2,4-trimethylhexamethylenedllsocyanate and 2 moles of 
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glycerine dlmettiacrylate 

3G: tri ethylene glycol dimethacrylate 

Table 2 

s 





No. 


Monomer 


Pasta consistency 


10 






(mm) 




Example 9 


OD 


41 .2 


15 


/ 1 0 


ME— HD 


J 4 . 0 




i 1 1 


DTMA 


36. 1 


20 


i 12 


GDM- P 


32.5 




Comparative 
Example 3 


GDM 


1 a .7 


25 










i 4 


DHMPE 


15.5 




i 5 


PETA 


18.2 


30 










I 6 


NPG- HMP 


1 4.0 


35 


Example 1 3 


DD/ Bis- GMA = 65/ 35 


33.2 




i 1 4 


DD/ Bis- GMA = 50/ 50 


26.7 


40 


Comparative 
Example 7 


DD/ Bis- GMA= 35/ 65 


18.9 




i 8 


DHMPE/ D- 2.6E- 65/ 35 


15.1 


45 


Example 15 


DHMPE/ 0- 2.6E= 35/ 65 


27.0 




i 1 6 


DD/ U- 4TH=* 50/ 50 


31 .2 


SO 










i 1 7 


DD/ D — 2. 6E= 50/ 50 


32.3 



55 It can be seen from Examples 9 through 12 and Comparative Examples 3 through 6 in Table 2 that 
hydrophobic multifunctional methacrylates as the monomer give the paste a high consistency value, which 
means a low viscosity, so that a large amount of the filler can be used. Comparison of Examples 13 through 
1 5 with Comparative Examples 7 and 8 shows that compositions containing less than 50% by weight of the 
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hydrophobic methacrylate monomer cause too high an increase In viscosity to incorporate a large amount 
of the filler. 

Example 18 and Comparative Example 9 

5 

The pasty polymerizable compositions obtained in Example 2 and Comparative Example 1 were 
polymerized by heating at 130*C under a pressure of 1.5 atmosphere for 1 hour. The compressive 
strengths of the cured articles thus obtained are shown In Table 3. 

io Comparative Example 10 

A dispersion was prepared by dispersing 20 g of OX-50© (the filler has an acidity of surface site of 
+3.3 to +4.1) in 150 ml of ethanol. To the dispersion obtained 2.1 ml of n-propylamine was added and the 
mixture was stirred for 5 minutes at room temperature. Then. 3 g of 7-methacryloyloxypropyltrimethox- 

15 ysilane was added, and the mixture was stirred for 20 minutes at room temperature. After ethanol had been 
distilled off using an evaporator, the residue was dried at 80 *C under vacuum for 15 hours to give a 
surface- treated filler. A polymerizable composition similar to that in Comparative Example 9 was prepared 
using the filler thus obtained, and evaluated in tho same manner as in Comparative Example 9. The results 
are also shown in Table 3. The resufts show that no Improvement in paste consistency of a composition 

20 was achieved by amine treatment. 

Comparative Example 1 1 

Particulate silica having an average particle size of 1.8 urn and a particle size range of from 0.1 urn to 7 
2s u.m (hereinafter referred to as "filler FS") was obtained by pulverizing fused silica granules with a vibrating 
ball mill, followed by classification. Surface treatment was conducted on 100 parts by weight of the powder 
thus obtained with 2 parts by weight of 1 1-methacryloyloxyundecyltrimethoxysilane and 200 parts by weight 
of toluene in the same manner as in Example 1 . A pasty composition was prepared by kneading 1 50 parts 
by weight of the surface- treated filler thus obtained and 100 parts of the monomer obtained in Example 1 r 
30 and evaluated for paste consistency and compressive strength in the same manners in Example 1 and 
Example 18 respectively. The results are shown in Table 3. 

Example 19 and Comparative Examples 12 through 14 

as Pasty compositions were prepared by kneading 150 parts by weight of the surface-treated inorganic 
fillers used in Example 18 and Comparative Example 11, and 100 parts by weight of monomers shown in 
Table 3 and containing 1% by weight of benzoyl peroxide, and evaluated for paste consistency and 
compressive strength in the same manner as in Example 1 and Example 18, respectively. The resufts are 
shown in Table 3. 

40 



45 



so 



fiS 



22 



EP 0 368 657 B1 



10 



i I 



20 



25 



30 



3b 



40 



45 



SO 



a 3 

9 9 

rr rr 

0 



O 

n 

i-» 
o 
*< 

H» 
O 
X 

O 



3 
9 

rr 

rr 
o 

W 



0 

9 



-9 
01 





P5 O 


W 






wn 


w 










x a 








x 0 












0 3 


9 






9 a 


9 










3 *3 


3 




m 


a -a 


a 










TJ 9 


»0 






no » 












h» n 


M 






1- n 


r- 










9 9 


9 






9 9 


9 










rr 








rr 




















r~ 


_ 








CM 


W < 


<o 




O 


«c < 


CO 










9 








9 
















1 






»3 


*— * 
















9 


0 








o 








0 


H 


< 








X 








X 


rr 


9 








I 








| 


r- 










I 










a 


9 








en 


Ul 






Ul 


r-» 










o 








0 


9 


a 




•* 




o 








.«-» 

0 


0) 




TT 








m 








H» 




9 




















n 






* 








*► 


a 


















x: 












a 
























































































— » 


to 


rr 


(A 












1 


1 


»o 


H 


c 








f 








<? 


9 


M 








s 




3 


3 


3 


9 


r» 








c 




*V 


C 


rr 


rr 


9 








ui 




Ul 


Ul 




K« 


a 


















3 


9 








„ 




2 
- 












C 

1 


c 
1 








c 

1 










A 










* 




















H 




n 


3 




S 










K 




0 


0 




> 


X 








\ 




dtu 


n 0 


!T 




X 








O 




0 


3 


IMA 


3 

m 

H 


3 
51 

1 
1 




Q 




a 

g 

m 




la 
rr 

H« 


9 




UJ 


<j\ 








v» 




a 








\ 








\ 




3 






\ 








Ul 












CM 








ui 










vn 


u» 
































n 


n 
















«— « 


rr 


0 


















n 


3 


















9 


■a 




Nl 


oj 


M 


w 


Ul 




\ 


3 


M 


VI 


Ul 


C* 


00 


m 


in 


a 


<a 


9 


u» 






KJ 


«J 


CO 




n 


rr 


(A 


o 


a 




a 


0 


a 


0 




X 


w 

r~ 




















< 




















9 








at 










con 


*fl 
0 

(A 




















rr 




Nl 


Kl 


9 




•* 


NJ 






a 


w 


OB 












3* 


Cn 


















3 


rr 




vn 




a 


rr 


Ul 


CO 






9 

3 










Ul 










n 










O 

1 










^< 





-4 



As is apparent from Table 3, the compositions of the present invention comprising an ultrafine filler 
65 treated with a silane coupling agent having a tong-chain alkylene group and a multifunctional methacrylate 
have a high paste consistency value in their paste form and the cured articles therefrom are excellent in 
mechanical strength. 
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Comparative Example 15 

A potyrnerizable composition was prepared by kneading 50 parts by weight of the surface-treated 
inorganic filler and 100 parts by weight of the monomer both obtained in Example 2, and then cured by 
s polymerization in the same manner as in Example 18. The article thus obtained showed a compressive 
strength of only 3,020 kg/cm 2 . Comparison of this with Example 18 makes it clear that a filler contained in 
only a small amount leads to insirfficient mechanical strength. 

Example 20 

70 

A poiymerizable composition was prepared by kneading 300 parts by weight of the surface-treated 
inorganic filler obtained in Example 2 and 100 parts by weight of the monomer composition obtained in 
Example 1 . The composition was heated at 1 30 • C under a pressure of 1 .5 atmosphere for 1 hour to effect 
polymerization. The cured material was pulverized with a vibrating bail mill and the resulting powder was 
75 sieved to give a prepoiymerized mtcrofiiler having an average particle size of 12 tim and a particle size 
range of 0,1 to 100 am. 

A monomer composition was prepared by mixing and dissolving 35 parts by weight of 1,10-decanediol 
dimethacrylate, 65 parts by weight of U-4TH and 0.5 part by weight of 2,4,6-trirnethylbenzoyldiphenyl- 
phosphine oxide. A pasty composition was prepared by kneading 100 parts by weight of the thus prepared 

20 monomer composition, 400 parts by weight of the filler obtained above and 200 parts by weight of the 
inorganic filler obtained in Example 2. The paste obtained showed a paste consistency (load: 1 kg) of 24.2 
mm. The paste was not sticky and had a good shape retention property, thus being as excellent dental 
restorative material with high operability. 

The paste was subjected to photoirradiation for 90 seconds by using a xenon lamp (Dentacolor XS® 

25 available from Kulzer) to effect polymerization, and the product was further heated at 120*C for 30 minutes 
to give a cured article. The cured article showed a compressive strength, flexural strength and Brinell 
hardness of 4,520 kg/cm 2 , 1,020 kg/cm 2 and 48 respectively. 

Comparative Example 16 

50 

Using the same inorganic filler as used in Comparative Example I, an attempt was made to prepare a 
prepoiymerized microfiiler with the same filler/monomer ratio as that in Example 20. However, since the 
viscosity was too high, it was not possible to knead all of the Inorganic filler Into the monomer. 

Example 21 

An amount of borosilicate glass (Pyrex Glass, available from Dow Coming Co.) was sieved with a 
vibrating ball milt, and the powder was then classified to give particles having an average particle size of 2.4 
urn and a particle size range of 0.1 to 20 urn. A dispersion containing 400 parts by weight of the thus 

40 obtained powder, 1.000 parts by weight of toluene and 10 parts by weight of 11-methacryloyloxyundecyl- 
trimethoxysilane was refluxed under heating for 2 hours and then allowed to cool. The powder was 
recovered by vacuum filtration, dried under vacuum for 12 hours and then in air at 90 'C for 2 hours to give 
a surface-treated filler. A pasty poiymerizable composition was obtained by kneading 650 parts by weight of , 
the thus obtained filler, 200 parts by weight of the silica filler obtained in Example 2 and 100 parts of the 

45 monomer composition obtained in Example 20, followed by deaeration under vacuum. The paste was 
measured for paste consistency at a load of 1 kg. The paste was Irradiated with a xenon lamp (Dentacolor 
XS® available from Kulzer) to undergo photopolymerization, and the obtained product was further cured by 
heating at 120 *C for 30 minutes. The cured product was evaluated in the same manner as in Example 20. 
The results arc shown in Table 4. 

50 

Comparative Example 17 

The procedure of Example 21 was followed using the silica filler obtained in Comparative Example 1 , 
instead of the silica filler used in Example 21 to obtain a monomer composition having the same 
65 filler/monomer ratio as that in Example 21. All of said filler could not be incorporated into the monomer 
composition because of increase in viscosity. 



24 



EP 0 368 657 B1 



Comparative Example 18 

There were kneaded 150 parts of the surface-treated utorafine silica filler and 100 parts of the monomer 
composition of Comparative Example I. To the mixture was gradually added and kneaded a borosilicate 
5 glass filler surface-treated with 7-methacryloyloxypropyltrimethoxysilane instead of the 11-methacryloylox- 
yundecyltrimethoxysilane used in Example 21 until the paste consistency reached about the same level as 
that in Example 21. 300 parts by weight of the glass filler could be kneaded. The results of evaluation on 
the thus obtained composition are also shown in Table 4. 

10 Example 22 and Comparative Examples 19 and 20 

The compositions shown in Table 4 were prepared using the inorganic fillers of Example 21 and 
Comparative Examples 17 and 18, and evaluated in the same manner as above. The results are also shown 
In Table 4. 
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Example 23 

A mixture containing 50 parts by weight of an ultraflne y-alumlna having an average particle size of 0.02 
urn (Aluminum Oxide Ctt, available from Nippon Aerosll Co.), 10 parts by weight of 1 1 -methacrytoyloxyun- 
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decyltrimethoxysiiang and 500 ml of toluene was reftuxed for 2 hours under heating with vigorous stirring 
and then allowed to cool. Toluene was first distilled off under vacuum, and the residual mixture was dried 
under vacuum for 12 hours and then heated at 90' C for 2 hours under vacuum to fuJIy distill off toluene, to 
give a surface-treated ultrafrne alumina filler. Next an amount of lanthanum glass powder (GM 31684ft, 

5 available from Shott) was pulverized and sieved to give a powder having an average particle size of 2.8 um 
and a particle size range of 0.1 to 10 um. Surface treatment was conducted on 100 parts by weight of the 
thus obtained powder with 2 parts by weight of 1 1 -methacryloyloxyundecyltrimethoxysilane in the same 
manner as for the borosilicate glass In Example 21. 

A monomer composition was prepared by mixing together 30 parts by weight of D-2.6E, 35 parts by 

10 weight of U-4TH, 35 pans by weight of DD and 0.5 part by weight of 2,4,8-trimethyibenzoyldiphenyl- 
phosphine oxide. 

Using these fillers and monomer composition thus obtained, a pofymerizable composition shown in 
Table 5 was prepared and evaluated in the same manner as in Example 21. TTie results are shown in Table 

5. 

15 

Comparative Example 21 

Surface treatment was conducted on 50 parts by weight of the ratonwa powder of Example 23 with 10 
parts by weight of 7-methacryloyloxypropyltrlmethoxysilane. This filler was then used to obtain a poly- 
20 merizaWe composition of the same filler/monomer ratio as that in Example 23. However, all of the filler 
could not be kneaded into the monomer composition because of increase in viscosity. 

Comparative Example 22 

25 A porymerizable composition with components and the filler/monomer ratio shown in Table 5 was 
prepared using the surface-treated alumina filler obtained in Comparative Example 21 and evaluated in the 
same manner as in Example 23. The results are also shown in Table 5. 
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Example 24 

Test specimens for flexural strength were prepared by using the polymerizable composition obtained in 
Example 21 and by the same curing method as used in Example 21. The specimens were, for the purpose 
of accelerating deterioration, kept immersed in water at 70* C, and measured tor flexural strength after one 
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day, 10 days, 30 days and 100 days of Immersion. The results are shown in Table 6. 
Comparative Example 23 

A monomer composition was prepared by mixing and dissolving 65 parts by weight of Bis-GMA, 35 
parts by weight of 3G and 0.5 part by weight of 2.4,8-lrimethylbenzoyldiphenylphosphine oxide. 

A polymerizable composition was prepared by kneading 100 parts by weight of the monomer 
composition obtained above, 150 parts by weight of the OX-50 surface-treated with yMPS and 300 parts by 
weight of borosilicate glass surface-treated with ^-MPS. the latter two having been obtained in Comparative 
Example 18. The composition was evaluated in the same manner as in Example 24. The results are shown 
In Table 6. 



Table 6 





Rexural strength (kg/cm 2 ) 




Initial 


Immersed in water at 70 • C for: 






1 day 


10 days 


30 days 


1 00 days 


Example 24 

Comparative Example 23 


1,770 
1,450 


1,680 
1,330 


1,670 
1.280 


1.640 
1,150 


1,620 
1,020 



It is clear from Table 8 that the restorative material ol the present invention maintains its high strength 
over a long period of time in water at 70 "C, and is thus excellent in water resistance. 

In the Examples above, the definitions and measuring methods of various characteristics are as follows. 

(i) Average particle size and particle size range 

For the ultrafine powders with a paricle size of 0.1 urn or less, the paricle size was determined based 
on transmission electron photomicrograph or by conversion from the specific surfaces area determined by 
the BET method. For the fillers with a particle size exceeding 0.1 um, a Horiba model CAPA 500 particle 
size autoanalyzer was used. The measurement was made with the centrifugaJ and gravitational sedimenta- 
tion and light transmission techniques. 

(ii) Paste consistency 

For the pasty compositions obtained by kneading a fixed amount of a monomer and a fixed amount of a 
surface-treated inorganic filler, it can be said that the lower the viscosity of the paste is, the larger the 
maximum incorporation amount of the filler will be. 

In the Examples, the value measured in the following manner was defined as "consistency" and used 
as an index of the amount of the filler incorporated or to be incorporated in the monomer composition. 0.5 
ml of the paste was weighed and allowed to stand in a constant temperature room at 25 * C for 24 hours. 
Then the paste was heaped in the middle of a glass plate (5x5 cm). Another glass plate (5x5 cm) was 
then gently placed thereon under a load of 40 g or 1 kg. After 120 seconds, the major axis and minor axis 
of the ovaily spread paste body were measured through the upper glass plate. The arithmetic mean of both 
the values was taken as the consistency. The measurement was conducted al 25 • C, and the consistency 
values shown in Tables are each the mean of the three independent measurements. 

(Si) Rexural strength 

A paste specimen was filled into a 2 x 2 x 30 mm mold and aired under prescribed conditions, and the 
cured article was then taken out of the mold. The thus obtained specimen was stored in water at 37 'C for 
24 hours and then subjected to a three-point flexural test (span between terminal bearing edges s 20 mm; 
cross head speed = 1 mm/min) on an Instron Universal tester. The data shown in Tables are each the 
mean of 10 measurements (10 test specimens). 
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(iv) Compressive strength 

A paste specimen was filled into a cylindrical mold, 4 mm in diameter and 4 mm in height, and cured 
by polymerization in a prescribed manner. The molded article was taken out of the mold, immersed in water 
s at 37 "C for 24 hours and then tested on an Instron universal tester at a cross head speed of 2 mm/min. 
The values are each the mean of 10 specimens. 

(v) Brinefl hardness 

w A paste specimen was filled into a mold having a diameter of 10 mm and a thickness of 5 mm. a cover 
glass was brought into contact with the upper surface of the specimen under pressure, and curing by 
polymerization was conducted under prescribed conditions. 

The cured specimen was taken out of the mold, and the face that had been kept in contact with the 
glass was polished with an abrasive paper with 220 grit to a depth of 0.5 mm and subjected to testing. 

75 

Claims 

1. A dental restorative material comprising: 

(a) an uftrafine Inorganic filler with a size of 0.1 um or less which is insoluble in water and surface- 
20 treated with a si lane coupling agent represented by the following formula (I) in an amount of at least 

3% by weight based on the weight of the filler 



(R 1 ): 



H,C- C- C- X«CH,3-r5i- R' . 
I 

O 



wherein R 1 is a hydrogen atom or a methyl group, R 2 is a hydrolyzable group, R 3 is a hydrocarbon 
group having 1 to 6 carbon atoms. X is an oxygen or sulfur atom, m is 2 or 3 and n Is an integer of 
8 to 20; and 

(b) a (meth)acrylate monomer composition containing at least 50% by weight based on the weight of 
as the composition of at least one hydrophobic multifunctional (meth)acrylate represented by the 

following formula (II) 



40 




(ID 



45 wherein R l is an organic group having 7 to 40 carbon atoms, composed of 1 to 8 hydrocarbon 

groups having 2 to 40 carbon atoms, at least one of said hydrocarbon groups having at least 4 
carbon atoms, the ratio of the number of total carbon atoms(x) contained in the hydrocarbon groups 
to the number of the hydrocarbon groups(y) contained in said organic group satisfying the 
relationship: x/y > 3; R 5 is a hydrogen atom or a methyl group and p is an integer of 2 to 8; wherein 

so said surface-treated inorganic filler is present in an amount of at least 100 parts by weight based on 

100 parts by weight of said monomer composition. 

2. The dental restorative material according to Claim 1, said material further comprising an inorganic filler 
having a particle size of 0.1 um to 100 um. 

65 

3. The dental restorative material according to Claim 1 or 2, said material further comprising a 
prepolymerlzed mlcrofiller having a particle size of 0.1 um to 100 um. 
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4. The dental restorative material according to Claim 1, 2 or 3, said material further comprising a 
polymerization initiator. 

a The dental restorative material according to any preceding claim, wherein said silane coupling agent is 
5 represented by the formula (I) wherein FV is a methyl group, R 2 is an alkoxy group. X is an oxygen 
atom and m is 3. 

a The dental restorative material according to any one of Claims 1-5. wherein said Inorganic filler Is silica. 

io 7. The dental restorative material according to any one of Claims 1-5, wherein said inorganic filler is 
alumina. 

a The dental restorative material according to any one of Claims 1-7, wherein said hydrophobic 
multifunctional (meth)acrylate Is represented by the formula (II) wherein R* is an organic group 
rs represented by the following formula: 

CH3 

He<H2CH20>g(^ 

CHs 



25 wherein k and t are integers satisfying Oik + t S 7, and p is 2. 

9. The dental restorative material according to any one of Claims 1-7, wherein said hydrophobic 
multifunctional (meth)acrylate is represented by the formula (II) wherein R* is an organic group 
represented by the following formula: 



30 



3b wherein k is an integer of 7 to 20 and p is 2. 



50 
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10. The dental restorative material according to Claim 1 . said material being in the form of a shaped article 
obtained by polymerization of said monomer composition. 

40 PatentansprUche 

1. Dentales Wiederherstellungsrrtateriai, das folgende Bestandteile umfaflt: 

(a) einen ultrafeinen anorganischen Fullstoff mit einer Teilchengrofle von 0,1 am oder weniger, der 
in Wasser unldslich ist und einer Oberfla'chenbehandlung m'rt einem Silankupplungsmittel der 
45 nachstehend angegebenen Formel (I) in einer Menge von mindestens 3 Gew.-%, bezogen auf das 

Gewicht des FQIIstoffs, unterzogen worden ist, 



Rl <r 3 ) 



3-m 



H 2 = C - C - X -(-CHj-r-n- Si - R 2 m (I) 



worin R 1 ein Wasserstoffatom oder eine Methylgruppe bedeutet R 2 eine hydrolysierbare Gruppe 
bedeutet, R 3 eine Kohlenwasserstoffgruppe mit 1 bis 6 Kohlenstoffatomen bedeutet, X ein 
Sauerstoff- oder Schwefelatom bedeutet, m den Wert 2 oder 3 hat und n eine ganze Zahl von 8 bis 
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20 1st: und 

(b) eine (Methjacrylat-Mcnomerzusammensetzung mit einem Gehalt an mindestens 50 Gew.-%, 
bezogen auf das Gewicht der Zusammensetzung, mindestens eines hydrophoben multifunktionellen 
(Meth)acrylals der nachstehenden Formel (II) 




worin R* eine organische Gruppe mit 7 bis 40 Kohlenstoffatomen bedeutet. die aus 1 bis 8 
t5 Kohlenwasserstoffgruppen mit 2 bis 40 Kohlenstoffatomen besteht wobei mindestens eine der 

Kohlenwasserstoffgruppen mindestens 4 Kohlenstolfatome aufweist das Verhaltnts der Gesamtzahl 
der in den Kohlenwasserstoffgruppen enthaltenen Kohlenstoffatome (x) zur Zahl der in der organi- 
schen Gruppe enthaltenen Kohlenwasserstoffgruppen (y) die Beziehung x/y > 3 erfUIlt; R 5 ein 
Wasserstoffatom oder eine Methylgruppe bedeutet und p fur eine ganze Zahl von 2 bis 8 stent; 
20 wobei der oberflSchenbehandeite anorganische FUllstoff in einer Menge von mindestens 100 

Gewichtsteilen, bezogen auf 100 Gewichtsteile der Monomerzusammensetzung, vorliegt. 

2. Dentales Wiederherstellungsmaterial nach Anspruch 1, wobei das Material femer einen anorganischen 
FUllstoff mrt einer TeilchengrbBe von 0,1 um bis 100 urn umfaflt. 

26 

3. Dentales Wiederherstellungsmaterial nach Anspruch 1 oder 2, wobei das Material ferner einen prapoly- 
merisierten MikrofOHstoff mit einer Teilchengrbfle von 0,1 am bis 100 um umfaBt. 

4. Dentales Wiederherstellungsmaterial nach Anspruch 1, 2 oder 3, wobei das Material ferner einen 
30 Polymerisationsinitiator umfaBt. 

5. Dentales Wiederherstellungsmaterial nach einem der vorstehenden AnsprUche. wobei das Silankupp- 
lungsmittel durch die Formel (I) wiedergegeben wird, in der R 1 eine Methylgruppe bedeutet, R 2 eine 
Alkoxygruppe bedeutet, X ein Sauerstoffatom bedeutet und m den Wert 3 hat. 

as 

8. Dentales Wiederherstellungsmaterial nach einem der AnsprUche 1 bis 5, wobei es sich bei dem 
anorganischen Fullstoff um Siliciumdioxid handalt. 

7. Dentales Wiederherstellungsmaterial nach einem der AnsprUche 1 bis 5, wobei es sich bei dem 
40 anorganischen FUllstoff um Aluminiumoxid handelt. 

& Dentales Wtederherstellungsmaterial nach einem der AnsprUche 1 bis 7. wobei das hydrophobe 
multifunktionelle (Meth)acrylat durch die Formel (II) dargesteilt wird. in der R* eine organische Gruppe 
bedeutet, die durch folgende Formel dargesteilt wird: 

45 

CH 3 

-t-CH^aO-V^-C-^-WCHjCHj-^- 

CH 3 



wobei k und I ganze Zahlen sind, die die Becfingung 0 S k + I * 7 erfUlIen, und p den Wert 2 hat. 

66 

9. Dentales Wiederherstellungsmaterial nach einem der AnsprUche 1 bis 7, wobei das hydrophobe 
multifunktionelle (Meth)acrylat durch die Formei (II) wiedergegeben wird, in der R* eine organische 
Gruppe bedeutet, die durch folgende Formel wiedergegeben wird: 
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in der k fur eine ganze Zahl von 7 bis 20 ist und p den Wert 2 hat 

10. Derrtales Wisdsrherslelhmgsmaterial nach Anspruch 1, wobei das Material in Form sines geformten 
Gegenstands, der durch Polymerisation der Monomer zusammensetzung erhalten wurde, vorliegt 

Revend (cations 

1. Un mateViau de restauration dentaire comprenant : 

(a) une charge minerals urtrafine ayant una dimension de 0.1 urn ou moins. qui est insoluble dans 
I'eau et traitee en surface avec un agent de pontage silane reprgsentB* par la formule (I) suivante, en 
une proportion d'au moins 3 % en poids relativement au poids de la charge : 

H,C- C- C- X^CH.h-Si- R 1 . 
0 

dans laquelle R 1 est un atoms d'hydrogene ou un groupe methyls, R 2 est un groupe hydrolysable. 
R 3 est un groupe hydrocarbons* ayant 1 a 6 atomes de carbone, X est un atome d'oxygane ou de 
soufrs, m est 2 ou 3 et n est un entier de 8 a 20 , et 

(b) une composition de (meth)acrylate monomere contenant au moins 50 % en poids, relativement 
au poids de la composition, d'au moins un (meth)acrylate multifonctionnel hydrophobe represents* 
par la formule (II) suivante 



R 



i ) 

|H,C- c- c- o[»- (ID 
0 * 

dans laqueile R 1 est un groupe organique ayant 7 a 40 atomes de carbone, compose* de 1 a 8 
groupes hydrocarbon^s ayant 2 a 40 atomes de carbone, au moins un desdits groupes hydrocarbo- 
nes ayant au moins 4 atomes de carbone, le rapport du nombre des atomes de carbone totaux (x), 
contenus dans les groupes hydrocarbone's, au nombre des groupes hydrocarbon^s (y), contenus 
dans ledit groupe organique. satisfaisant a la relation : x/y > 3 ; R 5 est un atome d'hydrogene ou un 
groupe methyie et p est un entier de 2 a 8 ; dans lequel ladile charge mine*rale traitee en surface est 
presents en une quantity d'au moins 100 parties en poids pour 100 parties en poids de ladite 
composition monomere. 

2. Le materiau de restauration dentaire selon la revendication 1, qui comprend de plus une charge 
minerals ayant une dimension de particule de 0,1 urn a 100 urn. 

& Le matenau de restauration dentaire selon la revendication 1 ou 2, qui comprend de plus une 
microcharge prepolymerisee ayant une dimension de particule de 0,1 urn a 100 urn. 

4* Le materiau de restauration dentaire selon les revendications 1, 2 ou 3, qui comprend de plus un 
amorceur de polymerisation. 

& Le materiau de restauration dentaire selon Tune quelconque des revendications pr£c$dentes, dans 
lequel ledit agent de pontage silane est represent^ par la formule (I) dans laquelle R 1 sst un groups 
methyls, R 2 est un groups alcoxy, X est un atoms d'oxygene et m est 3. 
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6. La mat$riau de restoration dentaire selon I'une quelconque des revendlcatlons 1 a 5, dans lequel 
ladite charge mineVale est la sillce. 

7. Le materiau de restauration dentaire selon Tune quelconque dee revendrcattons I a 5, dans lequel 
5 ladite charge minerale est I'alurnine. 

a Le matenau de restauration dentaire selon I'une quelconque des revendications 1 a 7, dans lequel lecfit 
(mSthJacryiate multifonctlonnel hydrophobe est represents par ta formule (II) dans laquelle R 4 est un 
groupe organique represente* par la formule suivarrte : 



10 



15 



20 



28 



CHa 

-6<H2CH20}jH@-C-^OCK2CEz^ 
CHj 

dans laquelle k et I sont des entiers satisfalsant a 0 £ k + I S 7 et p est 2. 

9. Le materiau de restauration dentaire selon Tune quelconque des revendications 1 a 7, dans lequel ledit 
(meth)acrylate multifonctionnel hydrophobe est reprSsente par ta formule (II) dans laquelle R 4 est un 
groupe organique represents par la formule suivarrte ; 



dans laquelle k est un entler de 7 a 20 et p est 2. 

30 10. L8 mate*riau de restauration dentaire selon la revendication 1, qui est sous forme d'un article faconns* 
ototenu par polymerisation de ladite composition monomere. 



so 
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